In their comment, Zwierlein and Ketterle contend that features observed in real-space distributions recorded in our experiment are an artifact of an anharmonic trapping potential. We show that Zwierlein and Ketterle have grossly overestimated these effects, and that anharmonicities can neither quantitatively nor qualitatively reproduce the observed distributions.
In their comment, Zwierlein and Ketterle contend that features observed in real-space distributions recorded in our experiment are an artifact of an anharmonic trapping potential. We show that Zwierlein and Ketterle have grossly overestimated these effects, and that anharmonicities can neither quantitatively nor qualitatively reproduce the observed distributions.
We have reported the observation of a phase transition in an atomic Fermi gas with unequal spin populations (1). The real-space atomic distributions differ significantly for polarizations above or below a critical polarization P c . Below P c , the difference between the majority and minority distributions exhibits a central maximum, while above P c , a central minimum gives rise to a characteristic double-peaked structure in the axial density and in plots of the column density taken along r = 0. It was shown in ref.
(2) that a double-peaked structure in the axial density is inconsistent with harmonic trapping in the local density approximation (LDA). In the comment (3), the authors contend that the double-peaks exhibited by the data are a result of anharmonicities in the trapping potential. This is incorrect. The authors of (3) have grossly overestimated the anharmonicity present in the experiment. The small anharmonicities present actually work against the formation of double-peaks.
The authors of (3) argue three points (we quote): "1. in a harmonic trap, the difference profile is monotonous for states with and without phase separation, 2. the observation of a double-peak structure in the axial density difference does not imply phase separation and can be explained by anharmonicities present in the experiment, and 3. observing a double-peak structure does not imply superfluidity." The first statement is true, but only in the LDA, as has been shown in ref. (2) . The second is actually two statements; as for the first part, while the observation of double-peaks does not prove phase separation, the data are consistent with this interpretation. The second part of this statement, which is the crux of their argument, is false. In coming to their conclusion, the authors of (3) (1)). Using the model of ref. (3), we find that observed depth is reproduced only when M 2 is so large (M 2 > 4) as to produce significant and obvious distortions to the majority distribution. Such distortions are not observed. Further evidence against axial anharmonicities is given by high-precision measurements of the axial size and shape reported in ref. (1), which are in excellent agreement with expectations for a fully paired gas in a harmonic axial potential.
While anharmonicities are negligible in the axial direction, they are not entirely so radially. The radial anharmonicities for a Gaussian beam correspond to a negative quartic term, and hence, cause spreading in the radial dimension, primarily for the larger, majority spin. Spreading in the radial direction causes a peaking of the axial density profile, and hence works against the formation of double-peaks in the axial direction. Radial anharmonicities can produce a central minimum in the radial direction, as shown in Fig. 2b of ref. (3) , but not in the axial direction.
Finally, while we agree with the third point made in ref. (3), it is difficult to conceive of a phase transition occurring in this system in the absence of superfluidity.
The explanation for the observed-double peaked structure is that LDA is violated in our experiment. This is readily apparent from Fig. 1C of ref. (1) , where the shell containing the excess majority spins is thin in the radial direction, and substantial at the axial poles. This explanation is consistent with the observation that it is primarily the minority distribution that changes shape, expanding radially and contracting axially, so that the central axial densities of the minority and majority are nearly equal (e.g. Fig. 2C of ref. (1) ).
In conclusion, the contention that an anharmonic trapping potential is responsible for the observed double-peaked structure is incorrect. The authors of ref. (3) grossly overestimate the axial anharmonicities, while small radial anharmonicities produce the opposite effect. 
